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POPSIG was set up with the view that the palm oil industry can benefit from more chemical engineers working in the
industry. This is evident in the downstream oleochemical sector where the majority of chemical engineers in the palm
oil industry work. Chemical engineers here apply their knowledge and skills to make the processes safer, more
sustainable and energy efficient as well as upscale and design from R&D breakthroughs. Our challenge is to kindle the
interest of chemical engineering graduates and at the same time encourage the industry to employ more chemical
engineers especially upstream.

Palm oil is a contentious subject and we need to know that it is not unhealthy and that it can be grown sustainably. To
help members understand palm oil we have prepared a presentation deck of 50 slides.

The global population is increasing rapidly and will reach 8.5 bn by 2020 and needs more and more edible oils and fats
to feed it. We will not solve the issues around palm oil by ignoring or rejecting it. Rather we need to engage with the
players. Palm oil represents a fraction of land used for agriculture so focusing on palm oil will not combat climate
change and its impact. Palm oil is one of four major seed oils but it is the only one subjected to such intense scrutiny
and sustainability standards. About half of the palm oil is produced not by large plantations but by smallholders.
Smallholders generally lack access to expertise, capacity building and infrastructure for sustainable practices.

The new Malaysian government has reiterated that Malaysia will keep to its promise of 50% forest cover and in the
presentation you will see that in Malaysia the production of palm oil has stagnated over the last five years. The
challenge is now to extract as much oil as possible out from the fruit, and this, chemical engineers are addressing by
designing unit operations that understand the characteristic features and biology of the fruit. At this very moment such
an upscaled plant is being built.

We ask you study the presentation deck and direct your questions to our secretary
Assoc. Prof. Dr Wu Ta Yeong wu.ta.yeong@monash.edu from which we hope to build up a FAQ section.

Qua Kiat Seng CEng FIChemE
Founder and Exco Member of POPSIG
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Lumpur, Malaysia to provide a forum for the
exchange of ideas, the sharing of experiences
and encouraging innovation in the palm oil
processing industry.
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IChemE calls on ail chemical engineers and employers that are involved in the supply chain and
consumer industies to work to the highest standards of safety and efficiency.

IChemE will work with members to articulate the positive contribution that the discipline makes and
how chemical engineering matters to the future of this industry and the wellbeing of al the peopie that
are connected with 2, from farmers to processors and consumers.
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POPSIG objectives & activities

Objectives

share and promote best practices
encourage innovation in processing oil palm products
promote professional aspects of the palm oil industry

act as a focal point for all those interested in the process aspects of
oil palm processing.

Activities

technical seminars, workshops, site visits, webinars and physical
evening talks

qguarterly newsletter
yearly forum
support for the annual IChemE Malaysia Palm Oil Industry Award



The seed oils market



Global Vegetable Oil Production
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Palm oil is the most widely used edible oils

Breakdown of production of edible
oils — 2017

Other
Animal fats
8%
Tallow
4%

Other Vege
oils
12%

Palm oil
31%

Rapeseed
oil
12%

Sunflower
oil
9% 24%

Soybean oil

Total =210 m tonnes

SOURCE: OIL WORLD, CIMB RESEARCH
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2017
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Palm oil’s rising share in the edible oils supply

Palm oil and soybean oil share of global oils and fats supply
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Major producers and exporters of palm oil

World major producers of palm oil in
2017
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Major consumers and importers of palm oil in
2017

World major consumers of palm oil in World major importers of palm oil
2017 2017
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Usage of palm oil in 2017 (65m tonnes)
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Global Biodiesel Market

Global Biodiesel Market
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Global Biodiesel Market by type of oil, 2016
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Top 10 Major Export Products
(Malaysia)

2017
TOTAL EXPORTS: RM935.39 billion
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Processing and Products



PO & PKO supply chain

Value Chain
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PALM OIL MILL PROCESS FLOW DIAGRAM
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PO Refining Process
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Palm OIl Fractionation
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Edible Palm Oil Products

Biscuits

NET WT: 300 g (10.58 0z)

The biscuits Bustrated reoresent the.
oximata assortment




Palm oil is used in a wide range of foods

fé/ stability at high cooking D smooth and creamy
‘ temperatures texture
;"" crispiness and crunch e~ excellent mouth feel

neutral taste and smell Q alternative to trans fat

?
i solid or semi-solid at
room temperature



Oleochemical Processes

NATURAL OIL & FRACTIONS

(Palm Oil, Palm Stearin, PKO, PFAD)
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End Consumer products
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Oleochemistry and well being



The fatty acids in palm and
palm kernel oil

C8 to C16 C18

* C8:0 * C18:0
* C10:0 e C18:1
* C12:0 * C18:2
* C14:0 * C18:3

e Cl16:0



Understanding a fatty acid molecule
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Molecular structure
fatty acids
PUFA

Polyunsaturated Fatty Acid
9,12,15-octadecatrienoic
or a-linolenic 18:3(n-3)

MUFA

Monounsaturated Fatty Acid o
oleic acid 18:1 (n9)

SAFA
Saturated Fatty Acid ‘
stearic acid 18:0



Placement of fatty acids in PO
(40 possible combinations)
eg. POP at 23.7%

sn-1 Palmitic 16:0

sn-2 Oleic 18:1 (n-9)

sn-3 Palmitic 16:0



Composition of selected oils

Palm

PKO

CNO

Soy

Rapeseed
(HEAR)

Sun

Max content of fatty acid in % (Source: FOSFA)



Monounsaturated
[Oleic acid 18:1 (n-9c¢)]

FATTY ACID CONTENT NORMALIZED T0 100%

DIETARY FAT

MY ORGANIC
SUNFLOWER OIL

85%

4%

11%

OLIVE OIL

/2%

11%

17%

CANOLA Oll

62%

32%

6%

PEANUT OIL

49%

33%

18%

LARD

47 %

12%

41%

BEEF FAT

44%

4%

52%

PALM OIL

39%

10%

51%

BUTTER FAT

34%

64%

CORN OIL

25%

62%

13%

SOYBEAN OIL

24%

61%

15%

LINOLEIC SUNFLOWER

20%

69%

11%

COTTONSEED OIL

18%

©5%

27%

SAFFLOWER OIl

13%

77%

10%

MONOUNSATURATED

POLYUNSATURATED||SATURATED

Source : Dr Mercola organic sunflower oil




TFA

(Trans Fatty Acids)

Oleic acid 18:1 (n-9c)

Elaidic acid 18:1 (n-9t)

Stearic acid 18:0

Molecule stucture fatty acids
Unsaturated fat (= 1 double bond)

Cis double bond (bent form)

Trans double bond (straight form)

Saturated fat (no double bond)

%o % e e e %o e oo o]

O carbon @ oxygen

Trans (unsaturated) fatty acid is a result of
the hydrogenation process. It increases the
risk of developing heart disease and stroke



New information on heart disease

* For the past 60 years, saturated fat and cholesterol have been
wrongfully vilified as the culprits of heart disease

* Refined carbs, sugar, trans fats found in processed foods are
the real enemy—not the saturated fats found in foods such as
butter, palm oil or eggs

* Inflammation of arteries causes blockage. Refined carbs,
sugar, trans fats and oxidised polyunsaturated oils cause
inflammation.



Sustainability



The key sustainability issues

Deforestation of rain forests and use of fire
Destruction of habitat of flora and fauna

Climate change : prevent GHG emissions due
to deforestation and expansion on peat.

Exploitation : land rights of indigenous people
labour and fairness to small holders



Some sustainability standards

Roundtable on 2004 13.6mtonnes 2.8 m Voluntary
Sustainable Palm Qil 19% (52% sold) production
(RSPO)
International 2006 22 m tonnes of Voluntary
Sustainability and FFB (2016)
Carbon Certification
(ISCC)
Rainforest Alliance 1987 Voluntary
Indonesian Sustainable 2011 50%7? Mandatory
Palm Qil (ISPO)
Malaysian Sustainable 2015 All RSPO, ISCC  Mandatory
Palm Qil (MSPO) etc by 31 Dec

2018. All

31 Dec 2019.



Global GHG Emissions

Global Greenhouse Gas Emissions

by Economic Sector

Livestock contributes 7,100 MtCOze/year or 14.5% of total global
GHG emissions.

Other
Energy
10%
Electricity and
Heat Production
25%

14.5%

Industry
21%

" of total GHG "]
emissions

Agriculture, Forestry
Transportation and Other Land Use

14% 24%

EPOA : Palm Qil contributes to 2.3 % of global
deforestation and 5% of tropical deforestation



Cows fart & burp methane

Microbes in their stomach break down their
food into methane as a byproduct

One cow = one car. 1.5 billion cows and bulls
Forest cover is cut for grazing pastures

We trap our methane!

Biomethane from anaerobic digestion of
POME is used for heating and power
generation



A highly efficient crop (Oil World 2016)
Highest Yield

oil (tons) per hectare
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Source : The European Palm QOil Alliance (EPOA)



PO is cheaper than SBO

Soybean Oil / Palm oil Price Ratio

Dec 2008 - Dec 2018: -0.107 (-7.27 %)
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PO is cheaper than rapeseed oll

Rapeseed Oil / Palm oil Price Ratio

Range 6m 1y 5y 10y 15y 20y | 25y | 30y Dec 2008 - Dec 2018: -0.116 (-6.99 %)
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PKO can be cheaper than CNO

Coconut Oil / Palm Kernel Oil Price Ratio

Range | 6m | 1y 5y 10y | 15y 20y | 25y 30y Dec 2008 - Dec 2018: -0.257 (-19.26 %)
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Malaysian PO production plateaus
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(in 1.000 MT) 2008/2009 | 2009/2010 | 2010/2011 (2011/2012|2012/2013| 2013/2014 |2014/2015| 2015/2016 | 2016/2017 | 2017/2018

Indonesia 20,500 22,000 23,600 26,200 28,500 30,500 33,000 32,000 36,000 38,500
Malaysia 17,259 17,763 18,211 18,202 19,321 20,161 19,879 17,700 18,860 20,500

2 World 44 474 46,374 49,192 52,529 56,378 59,306 61,810 58,833 64,801 69,332

Production

Indonesia Share (%) 46% 47% 48% 50% 51% 51% 53% 54% 56% 56%
Malaysia Share (%) 39% 38% 37% 35% 34% 34% 32% 30% 29% 30%
Others Share (%) 15% 14% 15% 15% 15% 15% 14% 16% 15% 15%




ADVANCING
CHEMICAL
eI l I ENGINEERING
WORLDWIDE

Palm oil is a widely used raw material and is found in many products from food, cosmetics and
pharmaceuticals to biofuels, it has many applications. The high yield of palm oil per hectare, relatively
low cost and versatility in use are attractive; it accounts for over 30% of global oil and fat production.’
In 2015, around 85% of global palm oil was produced in Indonesia and Malaysia.2 This has supported
economic development in this region.

Policy position: palm oil production

In recent years there has been considerable concern regarding the sustainability aspects of the palm
oil industry. The growth in palm oil production has led to deforestation, loss of habitats, negative
impacts on rural and indigenous communities and air and water pollution. International concern about
the sustainability of this industry has led to the establishment of different groups, including the
Roundtable for Sustainable Palm Oil (RSPO).?> Many companies that use palm oil in their products
have made commitments to either reduce their consumption of palm oil or ensure that it comes from
sustainable sources.

Upstream palm oil production (agriculture and mills) employ few, if any, chemical engineers. However,
many chemical engineers work in downstream refining and industries such as oleochemicals. The
chemical engineering skillset can be applied in both upstream and downstream areas. This can
influence good practice and improve sustainability through improved yield, energy efficiency, waste
reduction, effluent treatment and reduction in water, land and air pollution.

IChemE believes that chemical engineers play an important role in a current and future sustainable
palm oil industry. It is essential high standards of environmental protection, process safety and
responsible production are implemented across the sector. IChemE supports the practice of
certification of palm oil from the plantation through to final consumer products.



The principles that are the foundation to a sustainable industry are essential components of IChemE
accredited undergraduate courses and the ethics and integrity of professional, Chartered Chemical
engineers.

IChemE serves as an advocate for the profession; engaging with the public and policy- and decision-
makers to inform on the issues and where chemical engineers can inform on good practice and
provide realistic, tangible solutions.

Through the network of technical special interest groups, IChemE will continue to share knowledge
and experience relevant to the industry and champion good practice. This includes improvements in
process technology, process safety and working to certified standards. Case studies for water effluent
treatment and biogas as examples of valuable contributions.

IChemE calls on all chemical engineers and employers that are involved in the supply chain and
consumer industries to work to the highest standards of safety and efficiency.

IChemE will work with members to articulate the positive contribution that the discipline makes and
how chemical engineering matters to the future of this industry and the wellbeing of all the people that
are connected with it, from farmers to processors and consumers.

1 hitp://www palmoilresearch.org/statistics. htmi
2 hitp://www.indexmundi.com/agriculture/?commodity=palm-oil
3 http://www.rspo.org
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